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VSDFH 7HFKQLTXHV OLNH WKH 3DUWLFOH 6ZDUP2SWLPL]DWLRQ 362 KDV EHHQ SURYHG IDVWHU LQ UHDFKLQJ WKH RSWLPXP
VROXWLRQWKDQRWKHUVWDQGDUGWHFKQLTXHVOLNH*HQHWLF$OJRULWKP*$2QHRIWKHYLWDODVSHFWVRID362DOJRULWKPLV
WRFRQILQHWKHSDUWLFOHVWRWKHVROXWLRQVSDFHRUDERXQGDU\GLIIHUHQWERXQGDU\FRQGLWLRQVSOD\DFUXFLDOUROHLQ362
RSWLPL]DWLRQRIDQWHQQDDUUD\V>@362KDVEHHQDSSOLHGWRYDULHW\RISUREOHPVVLQFHLWVEHJLQQLQJ>@DORQJ
ZLWK GLIIHUHQW ERXQGDU\ FRQVLGHUDWLRQV >@ LQFOXGLQJ WKRVH RI DQWHQQDV >@ ,Q SDWWHUQ V\QWKHVLV RI DQWHQQD
DUUD\V WKH VROXWLRQ VSDFHV DUH JHQHUDOO\PXOWLPRGDO IRU D FRPSOH[ VWUXFWXUH WKHUHIRUHPHWDKHXULVWLF WHFKQLTXHV
KDYH VKRZQ EHWWHU UHVXOWV WKDQ WKH FODVVLFDO RSWLPL]DWLRQ WHFKQLTXHV $ UHFHQW DUWLFOH UHSRUWHG RQ DQWHQQD
RSWLPL]DWLRQ XVLQJ ERXQGDU\ FRQGLWLRQV ZKLFK UHJXODWH WKH YHORFLW\ RI WKH SDUWLFOHV >@ KDV EHHQ UHSRUWHG
PHWLFXORXVDQDO\VLVRIWKHUROHRIWKHVHERXQGDU\FRQGLWLRQVRYHUWKHSHUIRUPDQFHRIWKH362DOJRULWKPVILQGVWKH
VFRSHDQGQHHGIRUQHZHURQHV
1HHGIRU3RVLWLRQ5HJXODWLRQ
7KRXJK YHORFLW\ UHJXODWLRQ KDV EHHQ WKH GRPLQDQW ERXQGDU\ FRQGLWLRQV DSSOLHG WR 362 LW KDV VRPH LQWULQVLF
SUREOHPV)RUH[DPSOH WKHPD[LPXPYHORFLW\ 9PD[KDV WREHKHXULVWLFDOO\VHWEHWZHHQRI WKHG\QDPLF
UDQJH RI HDFK GLPHQVLRQ >@ RU PD\ EH HTXDO WR WKDW G\QDPLF UDQJH >@2WKHU WHFKQLTXHV VXJJHVWV DQ DOWHUQDWH
H[SUHVVLRQRIYHORFLW\ZLWKDFRQVWULFWLRQIDFWRU>@RUQHZYHORFLW\XSGDWLQJPHFKDQLVP>@'HVSLWHHQIRUFHPHQWRI
VXFK FRQGLWLRQV WKH SDUWLFOHV ZLWK DQ\ ILQLWH YHORFLW\ PD\ JR EH\RQG WKH VROXWLRQ VSDFH 7KH PRUH PRGHUQ
DSSURDFKHV OLNH DEVRUELQJ RU GDPSLQJ ERXQGDU\ > @ PD\ OHDG WR XQQHFHVVDU\ DFFUXDO RI SDUWLFOHV QHDU WKH
ERXQGDU\DQGDOVRDGYHUVHO\DIIHFWWKHSDUWLFOHVLQWHOOLJHQFHRIILQGLQJWKHJOREDOPLQLPXPLHSDUWLFXODUO\ZKHQ
WKHJOREDOPLQLPXPLVQ¶WQHDUWKHERXQGDU\0RUHRYHUIRUFHGPLQLPL]DWLRQRIWKHYHORFLW\DVVKRZQLQRID
SDUWLFOHFDQOHWLWFRQFOXGHWKDWLWKDVUHDFKHGLWVJEHVWDQGSEHVW

  xgrandcxprandcvv nbestnnbestnn  Z 

 PLQ nnnbestnbestn vvthenpandgxwhen oo 

)HZPRUHFRQGLWLRQVGHVFULEHGLQ>@DVVLJQDQHJDWLYHYHORFLW\WRWKHSDUWLFOHVZKLFKJRRXWRIVROXWLRQVSDFH
DQGKHQFHEULQJWKHPEDFNVXFKFRQGLWLRQVKDYHWRZRUNRXWVLGHWKHERXQGDU\DQGFDQ¶WLPPHGLDWHO\UHSRVLWLRQWKH
SDUWLFOHV LQVLGH EXW ZRXOG UDWKHU WDNH VRPH XQNQRZQ LWHUDWLYH VWHSV WR GR VR 8QSUHFHGHQWHG RVFLOODWLRQV LQ WKH
SDUWLFOHV PD\ DOVR EH VHHQ ZKHQ QHJDWLYH YHORFLWLHV DUH DVVLJQHG 5DQGRP YHORFLWLHV DOVR IDLO WR UHSRVLWLRQ WKH
SDUWLFOHVLPPHGLDWHO\LQWRWKHVROXWLRQVSDFH>@$VVLJQLQJKLJKHUYHORFLWLHVFDQDOVRWDNHPRUHLWHUDWLYHVWHSVIRU
WKH SDUWLFOHV WR FRQYHUJH 7KH EHWWHU DSSURDFK RI ERXQGDU\ FRQGLWLRQV VKRZQ LQ > @ LV WKDW RI LQYLVLEOH
ZDOOERXQGDU\RU IORDWLQJERXQGDU\ >@ WKHSUREOHPLVDVLJQLILFDQWQXPEHURISDUWLFOHVPD\HVFDSH WKHVROXWLRQ
VSDFH DQG WKRVHZKLFK HVFDSH FDQ¶W FRQWULEXWH WR IXUWKHU H[SORUDWLRQ DQGKHQFH UHGXFH WKH FKDQFHVRI ILQGLQJ DQ
RSWLPDOJOREDOPLQLPXP
,WPD\QRZEHUHDGLO\FRQFOXGHGWKDWYHORFLW\UHJXODWLRQLQVRPHVLWXDWLRQVFDQJLYHULVHWRXQZDQWHGUHVXOWVLQWKH
362 SURFHVV 7KH LQYLVLEOH ERXQGDU\ GHVFULEHG LQ >@ LV DOPRVW DQ HTXLYDOHQW RI IORDWLQJ QRERXQGDU\ >@
7KHUHIRUH PRUH VXLWDEOH ERXQGDU\ FRQGLWLRQV QHHG WR EH VRXJKW 3RVLWLRQ UHJXODWLRQ KDV WKH DGYDQWDJH RI
LPPHGLDWHO\ UHORFDWLQJ WKH SDUWLFOHV ZLWKLQ WKH VROXWLRQ VSDFH WKXV DYRLGLQJ DGGLWLRQDO LWHUDWLRQV DQG ZRUNLQJ
EH\RQGWKHERXQGDULHV&RQWURORUUHJXODWLRQRIWKHYHORFLWLHVRIWKHSDUWLFOHVQHHGQRWEHGRQHHLWKHUKRZHYHUERWK
SRVLWLRQVDQGYHORFLWLHVPD\EHUHJXODWHGWRJLYHDK\EULGERXQGDU\FRQGLWLRQ>@
7KH+\VWHUHWLF%RXQGDU\&RQGLWLRQ
7KHVLPSOHVWPHWKRGRISDUWLFOHUHSRVLWLRQLQJUHSRUWHGHDUOLHULVWKHFDVHRIKDUGERXQGDU\>@ZKHUHWKH\DUH
UHORFDWHG ULJKW LQVLGH WKH ERXQGDU\ 7KH ERXQGDU\ FRRUGLQDWHV DUH WZR LQ HDFK GLPHQVLRQ LH [QPD[ IRU XSSHU
ERXQGDU\OLPLWDQG[QPLQIRUORZHUERXQGDU\OLPLW7KHLQWULQVLFZHDNQHVVRIWKLVPHWKRGLVLWVHDV\HQWUDSPHQWWRD
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ORFDO PLQLPXP QHDU WKH ERXQGDU\ DQ XQFRQWUROOHG DFFXPXODWLRQ RI WKH SDUWLFOHV WDNHV SODFH QHDU WKH ERXQGDU\
OLPLWVRIWKHVROXWLRQVSDFH)LJVKRZVWKHFRQGLWLRQDIWHUWZHQW\LWHUDWLRQV
7KHK\VWHUHWLFERXQGDU\FRQGLWLRQLVDSRVLWLRQUHJXODWLQJWHFKQLTXHLQVSLUHGE\WKHKXPDQEHKDYLRURIDSHUVRQORVW
LQDQXQNQRZQSODFH7KHORVWSHUVRQLVPRVWOLNHO\WRUHYHUWEDFNWRWKHODVWLGHQWLILDEOHSRVLWLRQIURPZKHUHKHVKH
KDGFRPH IURP WKLVSKHQRPHQRQ LV WHUPHGKHUHDVK\VWHUHVLV)LJFRPSDUHVDKDUGERXQGDU\ZLWKDK\VWHUHWLF
ERXQGDU\7KHK\VWHUHWLFERXQGDU\LVFDWHJRUL]HGLQWRWZRDQGGHVFULEHGEHORZ

3.1 Self Hysteresis7KLVLVWKHFRQGLWLRQZKHUHDSDUWLFOHZKHQJRHVRXWRIVROXWLRQVSDFHLVUHORFDWHGWRLWVSDVW
SRVLWLRQLQVLGHWKHERXQGDU\

3.2 Collective Hysteresis,QWKLVFRQGLWLRQDSDUWLFOH¶VUHORFDWLRQLQVLGHWKHERXQGDU\LVGHSHQGHQWQRWRQO\RQLWV
RZQSDVWSRVLWLRQEXWLVDOVRLQIOXHQFHGE\WKHSDVWSRVLWLRQVRIDOOWKRVHSDUWLFOHVZKLFKKDYHJRQHRXWRIVROXWLRQ
VSDFHLQWKHFXUUHQWLWHUDWLYHF\FOH7RLPSOHPHQWWKLVERXQGDU\FRQGLWLRQWKHSDVWSRVLWLRQVRIWKHRWKHUSDUWLFOHVDUH
DYHUDJHGDQGDUHJLYHQDZHLJKWwgtLHYDOXHEHWZHHQDQG$ZHLJKWHTXDOWR1-wgtLVWKHQJLYHQWRVHOISDVW
SRVLWLRQ7KHZHLJKWHGSRVLWLRQVDUHWKHQDGGHGWRJHWWKHUHORFDWLRQSRVLWLRQRIWKHUHVSHFWLYHSDUWLFOH7KHZHLJKWV
FDQEHIL[HGDVZHOODVUDQGRPO\DOORFDWHG
)LJFRPSDUHVWKHFRQYHUJHQFHFXUYHVIRUGLIIHUHQWK\VWHUHWLFERXQGDU\FRQGLWLRQVDOORFDWLRQRIUDQGRPZHLJKWV
LQPRVWRIWKHFDVHVVKRZHGLQFRQVLVWHQWSHUIRUPDQFHZLWKVXGGHQVXUJHVLQFRQYHUJHQFHFXUYHDVVKRZQ
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)LJ$FFXPXODWLRQRISDUWLFOHVQHDUDIL[HGERXQGDU\

$FFXPXODWLRQRI3DUWLFOHVQHDUWKHERXQGDU\[PLQ 
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)LJ&RPSDULVRQRIFRQYHUJHQFHFXUYHVIRUGLIIHUHQWK\VWHUHWLFERXQGDU\FRQGLWLRQV
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)LJ&RPSDULVRQRIFRQYHUJHQFHFXUYHVIRUGLIIHUHQWLPSRUWDQWERXQGDU\FRQGLWLRQV
1XPHULFDO(YDOXDWLRQ	5HVXOWV
7KHHIILFDF\RISURSRVHGERXQGDU\FRQGLWLRQ LV WHVWHGRYHUD WZRGLPHQVLRQDORSWLPL]DWLRQ WDUJHW7KHFKRVHQ
GLPHQVLRQRIRSWLPL]DWLRQLVDWWULEXWHGWRLWVDELOLW\RIHQDEOLQJWKHYLVXDOL]DWLRQRIPRYLQJSDUWLFOHVRYHUD'SORW
LH )LJ $ OLQHDU VL[ HOHPHQWV DUUD\ ZLWK YDULDEOH DPSOLWXGH ZHLJKWV DQG XQLIRUP VSDFLQJ LV WDNHQ IRU
RSWLPL]LQJWKHUHGXFWLRQRIVLGHOREHOHYHOV7KHFRVWIXQFWLRQLVGHVLJQHGWRZRUNRQPLQLPL]DWLRQRI$UUD\)DFWRU
$) DW VSHFLILHG DQJOHVRU VLGH OREHV H[HPSWLQJ WKHPDLQEHDPDQGHQIRUFLQJ V\PPHWU\7KHQRUPDOL]HG$) LV
JLYHQE\>@

 



:KHUHX FRVșșLVWKHDQJOHIURPWKHDUUD\D[LVOLVWKHIUHHVSDFHZDYHOHQJWKG OLVWKHVSDFLQJEHWZHHQ
WZRDGMDFHQW HOHPHQWV DQG1 LV WKHQXPEHURI HOHPHQWV LQ WKH DUUD\$ VZDUPRI ILIW\SDUWLFOHV LV WDNHQ DQG WKH
UHVXOWVDUHDYHUDJHGRYHUILIW\UXQV

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
)LJ&RPSDULVRQRIWKH$UUD\IDFWRUV$)IRUXQLIRUPDQGRSWLPL]HGDPSOLWXGHV
7KHVHOILQHUWLDµȦ¶RIHTXDWLRQLVOLQHDUO\YDULHGIURPWRLQWKHVHUHVXOWV,WLVLPSRUWDQWWRQRWHWKDWDOO
WKHERXQGDU\FRQGLWLRQV VKRZQ LQ WKHUHVXOWVGRQRW OHDG WRDJOREDOPLQLPXPFRQYHUJHQFHKRZHYHU LI WKHVHOI
LQHUWLDµȦ¶LVNHSWRUPRUHWKH\DOOZRXOGFRQYHUJHWRWKHVDPHJOREDOPLQLPXP7KHRSWLPL]DWLRQLVWDUJHWHGDW
WZRGLVWLQFWDQJOHVRQO\VRWKDWHQRXJKQXPEHUVRIORFDOVROXWLRQVH[LVWDQGWKHHIILFDF\RIRQHERXQGDU\FRQGLWLRQ
RYHUWKHRWKHUWRILQGWKHJOREDOVROXWLRQEHFRPHVFRQVSLFXRXV7KHFRVWIXQFWLRQPLQLPL]DWLRQLVWDUJHWHGDWILIW\
GHJUHHDQG WKLUW\GHJUHHDQJOHV&RQYHUJHQFHFXUYHVRIGLIIHUHQW LPSRUWDQWERXQGDU\FRQGLWLRQVDUHFRPSDUHG LQ
)LJDIL[HGZHLJKWZJW FROOHFWLYHK\VWHUHWLFERXQGDU\LVXVHGLQWKLVFDVH7KHDUUD\IDFWRULVSORWWHGDIWHU
RSWLPL]LQJ WKH VLGHOREHPLQLPL]DWLRQ WDUJHWZLWKDPSOLWXGHZHLJKWV IRXQG IURPV\PPHWULF UHORFDWLRQ WHFKQLTXH
WKHSORWLVFRPSDUHGZLWKWKDWRIXQLIRUPDPSOLWXGHVRIH[FLWDWLRQDQGLVVKRZQLQ)LJ
7KHVHOILQHUWLDµȦ¶RIHTXDWLRQLVOLQHDUO\YDULHGIURPWRLQWKHVHUHVXOWV,WLVLPSRUWDQWWRQRWHWKDWDOO
WKHERXQGDU\FRQGLWLRQV VKRZQ LQ WKHUHVXOWVGRQRW OHDG WRDJOREDOPLQLPXPFRQYHUJHQFHKRZHYHU LI WKHVHOI
LQHUWLDµȦ¶LVNHSWRUPRUHWKH\DOOZRXOGFRQYHUJHWRWKHVDPHJOREDOPLQLPXP7KHRSWLPL]DWLRQLVWDUJHWHGDW
WZRGLVWLQFWDQJOHVRQO\VRWKDWHQRXJKQXPEHUVRIORFDOVROXWLRQVH[LVWDQGWKHHIILFDF\RIRQHERXQGDU\FRQGLWLRQ
RYHUWKHRWKHUWRILQGWKHJOREDOVROXWLRQEHFRPHVFRQVSLFXRXV7KHFRVWIXQFWLRQPLQLPL]DWLRQLVWDUJHWHGDWILIW\
GHJUHHDQGWKLUW\GHJUHH
&RQFOXVLRQ
7KH ERXQGDU\ FRQGLWLRQV SURSRVHG KHUH VKRZV VLJQLILFDQW FRQWULEXWLRQ LQ UHGXFLQJ WKH QXPEHU RI LWHUDWLRQV
UHTXLUHGLQFRQYHUJHQFHRI362SURFHVVWRWKHJOREDOPLQLPXPUHVXOW7KHVHFRQGLWLRQVFDQDOVREHFRPELQHGZLWK
GLIIHUHQW YHORFLW\ UHJXODWLRQV WR IRUP K\EULG ERXQGDU\ FRQGLWLRQV 7KLV ERXQGDU\ FRQGLWLRQ PD\ DOVR EH
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